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INTRODUCTION 
Enzyme induction can be defined as an increase in enzyme 
synthesis in a biological system as a consequence of the intro-
duction of an exogenous chemical compound into that system. The 
chemical compound is referred to as the "inducer" and the enzyme 
is said to be "inducible" (3). Enzyme synthesis which takes 
place in the absence of exogenous inducer is spoken of as being 
"constitutive."· Some constitutively formed enzymes are also 
inducible, e.g . ~-galactosidase (4). 
The phenomenon of enzyme induction ("adaptation") has been 
studied for nearly a century by microbiologists (4,34,47). One 
of the first reports concerning enzyme induction was that of 
Wortmann (52) in 1882. He demonstrated that certain bacteria 
were able to produce amylase only when starch was added to the 
growth media. From the time of Wortmann to approximately 1950, 
microbiologists in the field of enzyme induction were mainly 
concerned with distinguishing increased enzyme synthesis as a 
result of mutation from that of induction. The question was 
finally settled by demonstrating increased enzyme synthesis in 
non-dividing cells (47). Around 1950, research in the field of 
microbial enzyme induction greatly accelerated. This was 
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probably due to the increasing interest in the mechanisms of 
protein synthesis, and the development of many extremely useful 
biochemical techniques. 
A good example of . the tremendous advances that have been 
made since 1950 in the field of enzyme induction. in micro-
organisms is the work of Cohn (4) on the ~-galactosidase system 
of Eschericia coli. It was shown that: 
1. An incr ease in enzyme activity occurred only when an 
inducer was added to the culture medium. The inducer could, 
but need not necessarily be the substrate of the enzyme. 
2. The ratio of enzyme activity to protein synthesis was. 
elevated by addition of inducer to the incubation medium. Thus, 
there was a selective increas~ in the synthesis of j3-galactosi-
dase protein by the bacterial cells. 
3. Enzyme activity was found to be elevated when acetone 
extracts were assayed under optimal conditions. This excludes 
the possibility that changes in enzyme activity were due to 
changes in cellular permeability or cofactors . 
4. Increased enzyme activity was due to synthesis of new 
enzyme protein. This was demonstrated in two ways. By the use 
of immunochemical procedures, it was shown that increased enzyme 
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was proportional to increase in an antigenic component identi-
fiable as ~-galactosidase. Secondly, when cells whose protein 
was radioactively labelled were incubated with inducer, the 
synthesized ~-galactosidase was essentially non-radioactive. 
These results suggest that new enzyme is .not formed from any 
protein precursor present in the cell before induction. 
The work of Gale and Folkes (16) also lends support to the 
hypothesis that enzyme induction involves the synthesis of new 
protein. Working with a highly purified system from disrupted 
Staphylococcus cells, these workers have presented convincing 
evidence that the induction of {3-galactosidase by galactose 
involves the synthesis of new enzyme from free amino acids. When 
the cells were incubated with galactose, purine and pyrimidine 
bases, nucleic acids and amino acids, enzyme induction was maximal. 
If either the purine and pyrimidine bases or the nucleic acids 
were absent, the rate of enzyme synthesis was decreased. However, 
in the absence of free amino acids, there was no induction at all. 
These results suggest that enzyme induction is. the result of de 
novo synthesis of new protein. 
From the work in microorganisms (3,4,34,47) we may derive 
four characteristics of enzyme induction: 
1. Increased enzyme activity results from the administration 
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of an exogenous chemical compound which may, but need not 
necessarily be the normal substrate of the enzyme. The inducer 
either stimulates enzyme synthesis directly (primary induction) 
or causes an indirect change in the local concentration of an 
affector of enzyme production (s~condary induction). 
2. There must be a valid increase in enzyme activity. 
Enzyme activity should be elevated when measured in a cell free 
system under optimal assay conditions. 
3. Enzyme activity should be increased when expressed on 
an activity per cell basis. 
4. Increased enzyme activity should be the result of the 
synthesis of new enzyme. 
These four characteristics outlined above must be demon-
strated before one can label increased enzyme activity as true 
enzyme induction. They must be considered in any study, whether 
microbial or mammalian, of enzyme induction . 
Although all the enzymes proven to be inducible are located 
intracellularly, there are examples of increases in the activity 
of some extracellular enzymes (26) . For example, chronic adminis-
tration of estradiol benzoate to rats has been shown to produce a 
significant rise in the activity of serum cholinesterase (15). 
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However, increased activity of extracellular enzymes after 
administration of an exogenous chemical compound may be due to 
one or more factors: 
l. Inhibition of enzyme destruction or utilization. 
2. Activation of the enzyme or removal of an inhibitor. 
3. Stimulation of the secretion of enzyme stored in cells. 
4. Stimulation of both the synthesis and secretion of new 
enzyme. 
5. A. combination of two or more of the above four. 
Since the fourth point has not been shown to occur, there is no 
proven example of the induction of an extracellular enzyme. 
Since the early 1900's, numerous reports have been published 
stating that enzyme activity of certain mammalian systems could 
be elevated by prolonged administration of the substrate of the 
enzyme (26). However, until recently, no attempt was made to 
study this phenomenon carefully. In l95l, Knox (25), in the 
first systematic and critical study of a substrate-induced increase 
in enzyme activity in a mammalian system, showed that tryptophane 
peroxidase activity of rat liver could be increased approximately 
fivefold by the administration of tryptophane. Injection of 
hydrocortisone (49) also produced a significant increase ih enzyme 
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activity. However, hydrocortisone in contrast to L-tryptophane 
had no effect on tryptophane peroxidase activity when incubated 
with rat liver slices (2). Knox (2,25) and others (20,21,29J7) 
have succeeded in showing that this system may be termed "inducible" 
in light of the four characteristics of enzyme induction. It was 
shown that: 
1. Enzyme activity of rat liver slices, measured in a completely 
fortified system, was increased only by the addition of tryptophane. 
2. Enzyme activity was elevated when measured in homogenates 
under optimal assay conditions . 
3. Incubating rat liver slices for four hours with trypto-
phane produces a twofold increase in tryptophane peroxidase activity. 
The absence of cell division under these conditions excludes hyper-
plasia as a cause of increased enzyme activity. 
4. Increased enzyme activity was shown to be accompanied by 
an increased incorporation of radioactive valine into that fraction 
of the cell rich in tryptophane peroxidase. Also, ethionine, 
known to be an inhibitor of normal protein synthesis (31,46), was 
able to prevent the rise in tryptophane peroxidase activity of 
intact animals and perfused livers. Administration of methionine 
with the ethionine reversed the inhibition. 
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The studies on tryptophane peroxidase provide convincing 
evidence that enzyme induction can occur in mammals. In addition, 
this phenomenon has been shown to occur, with varying degrees of 
certainty, for other mammalian enzymes. Dietrich (8) has shown 
that mouse liver xanthine oxidase activity can be increased by 
chronic administration of xanthine or cortisone acetate to intact 
animals. Canney et al. (5) have shown that administration of 
3-methylcholanthrene to weanling rats greatly enhanced hepatic 
demethylase and reductase activities in both intact and adrenalec-
tomized animals. This same group (6) demonstrated that injection 
of 3,4-benzpyrene or related compounds to weanling rats induced 
a highly significant increase in hepatic benzpyrene hydroxylase. 
Sayre et al. (41) reported that induction of hepatic threonine dehy-
drase in the rat by DL-threonine administration occurred in both 
intact animals and perfused livers. Since enzyme activity was 
increased in perfused livers, the authors concluded that the indue-
tion of threonine dehydrase is not influenced by adrenal steroids. 
However, it still remains to be shown that injection of adrenal 
steroids to whole animals does not affect threonine dehydrase activity. 
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Glutaminase I may also be an inducible enzyme. This 
enzyme accelerates the hydrolysis of glutamine to glutamic acid 
and ammonia. It is widely distributed in plant and animal 
tissues (33). In 1904, Lang (28) showed that a number of animal 
tissues have the ability to deamidate glutamine. In 1935, Krebs 
(27) demonstrated that extracts of mammalian brain, retina, liver 
and kidney could catalyze the hydrolysis of glutamine. Greenstein 
and his collaborators (12,13,19) established the presence of two 
glutaminases in mammalian tissues, designated glutaminase I and 
glutaminase II. Glutaminase I is activated by phosphate and 
other divalent anions, is heat labile and is associated with the 
mitochondrial fraction of the cell. Glutaminase II is activated 
by ~-keto acids, is heat stable and is found in the supernatant 
fraction of the cell. Errera and Greenstein (13) demonstrated 
the presence of a third glutaminase which is activated neither 
by phosphate nor keto acids and is referred to as the "inherent 
glutaminase... Glutaminase I has been implicated in the production 
of urinary ammonia (38). 
Davies and Yudkin (7) were the first to show that renal 
glutaminase activity could be chronically elevated by continued 
administration of ammonium chloride to rats. Rector et al. (38) 
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have shown that renal glutaminase activity reaches maximal 
values within four to six days of NH4Cl administration. Wilson 
and Seldin (51) demonstrated that the rise in enzyme activity 
was not effected by the removal of the adrenal glands in rats. 
White and Rolf (50) and Handl~r et al. (22), however, found no 
rise in renal glutaminase activity after chronic ammonium chloride 
administration. 
The studies of Davies and Yudkin (7) and Re.ctor et al (38) 
suggest that renal glutaminase I may be an inducible enzyme. 
However, neither study fulfilled a .ll the requirements for proving 
that enzyme induction occurred. Und.er the assay conditions 
employed, glutaminase I activity was not specifically measured. 
In fact, glutaminase I plus "inherent glutaminase"·· activity was 
measured. Thus , it is not possible to tell from their studies 
whether glutaminase I activity was specifically increased . Further-
more, neither group demonstrated that enzyme activity was elevated 
when expressed on a per cell basis. Finally, no attempt was made 
in either study to show that increased enzyme activity was the 
result of the synthesis of new enzyme . 
White and Rolf (50) and Handler et al. (22) also failed to 
both assay for glutaminase I specifically and express enzyme 
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activity on a per cell basis. In addition, it should be pointed 
out that both of these groups based their conclusion that renal 
glutaminase I activity is not increased by chronic acidosis on 
data obtained from only one or two ammonium chlorid.e treated rats. 
Thus, the question of whether the increase in renal glutam-
inase I activity following chronic administration of ammonium 
chloride is the result of enzyme induction is still unanswered. 
It is the purpose of this thesis to study the nature of the enzyme 
response in the guinea pig. This study entails the determination 
of optimal assay conditions and distribution of the enzyme in the 
kidney. In addition, the effect of chronic ammonium chloride 
administration on cellular glutaminase I activity will be studied 
in the kidney and liver. Renal glutaminase I activity will also 
be measured after chronic administration of adrenal steroids or 
excess protein. Finally, an attempt will be made to demonstrate 
that the incr.eased enzyme activity is due to the synthesis of new 
enzyme. 
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METHODS. 
Animals 
Adult male guinea pigs (400-600 gm.) were used exclusively. 
Although there is no sex difference in the guinea pig with 
respect to renal glut.aminase I activity, we have observed that 
pregnancy causes a general renal hypertrophy. 
After delivery from the dealer, the animals were allowed 
to acclimatize to their new environment for approximately one 
week before use. This measure was found to produce ~ore uniform 
and reproducible results. The animals were housed in individual 
wire bottomed cages. They were maintained on Purina Guinea Pig 
Chow Checkers, water and daily supplements of fresh cabbage. In 
spite of the fact that the chow checkers were fortified with 
additional vitamin C and supposedly did not have to be supplemented 
with greens, it was our experience that the animals grew much 
better when cabbage was added to the diet. It has recently been 
reported that cabbage supplies some factor other than ascorbic 
acid which is necessary for proper growth of guinea pigs (14). 
Ammonia Excretion 
Two hours before sacrifice the animals were .placed in rodent 
metabolism cages (Bussey Products Co.), and the ammonia excreted 
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in response to a large acid load was determined. In order to 
achieve maximal ammonia excretion, physico-chemical factors 
(lmown to affect ammonia excretion) such as urinary flow and 
pH (35,39) were controlled by maintaining a high urine flow and 
low urine pH. All animals were given 10 mEq. NH4Cl/kg. body 
weight by stomach tube in a volume of water of 10 ml./kg. Urine 
was collected for two hours. Before the animals were placed in 
the cages, the bladder was emptied by applying suprapubic pressure. 
This was repeated at the end of the collection period. This 
ensured uniform collection of urine. Urinary ammonia concentra-
tion was measured by a modified Seligson (44) technique. Ammonia 
excretion was calculated by multiplying urinary concentration 
times urine flow, and expressed as ~ NH3 excreted per minute. 
Enzyme Assays 
After the two hour urine collection period, the animals were 
sacrificed by a blow on the head. The kidneys were immediately 
removed, decapsulated and made into a 5 per cent homogenate in 
cold 0.9 per cent NaCl solution according to the technique of 
Potter and Elvejhem (36). The homogenate was then assayed for 
glutaminase I activity. To measure glutaminase I activity, the 
activity of the "inherent glutaminase"- must be subtracted from 
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total glutaminase activity. Thus, each assay was performed 
(in duplicate) in both the presence and absence of phosphate. 
The assay in which phosphate was omitted was a measure of inherent 
glutaminase activity and ammonia liberated from endogenous 
substrates. This value was then subtracted from that obtained in 
the presence of phosphate. 
It was previously reported (40) that NaF could enhance the 
activating effect of phosphate on renal glutaminase I activity. 
However, in the present investigation, no significant difference 
was found between enzyme activity in the presence or absence of 
fluoride (Table 1). Therefore, NaF was not used in the assay 
procedure. 
The following incubation mixture was found to be optimal 
for the assay of glutaminase I activity: 
Tissue Homogenate, 5 per cent, 0. ·2 ml. (final cone. 1.0 per cent) 
L-Glutamine, 0.1 M, 0.1 ml. (final cone. 0.01 M) 
Na2HP04-NaH2P04, pH 7.5, 0.5 M, 0.1 ml. (final cone. 0.05 M) 
Tris Buffer, pH 7.5, 0.05 M, 0.5 ml. (final cone. 0.025 M) 
Incubation was carried out in 25 ml. penicillin bottles. under air 
at 37-38° C for 20 minutes. These results were obtained by 
separate variation of each of the conditions previously described 
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Table 1 
Effect of Sodium Fluoride on Glutaminase I Activity 
Incubation Time Final Cone. NaF in Glutaminase I Activity 
(min.) Jncubation Medium (mM/ml.) (MM NH3/ 100 mg. fresh weight) 
0 2.8 ± 0.8 * 
10 
0.002 2.8 ± 0.5 
0 5.0 ± 0.6 
20 
0.002 5.2 ± 0.3 
0 7.4 ± 2.0 
30 
0.002 9.3 ± 2.2 
---
* All values are mean ± S.E.M. 
1-' 
~ 
as optimal for the assay of renal glutaminase I in the guinea 
pig during a thirty minute incubation period (40). 
At the end of the incubation period, the bottles were 
closed with a sleeve type rubber stopper holding a ground glass 
rod moistened with 10 N H2so4 . One ml. of a 20 per cent Na2C03 
solution was injected through the rubber stopper. This stopped 
the reaction and liberated ammonia from the assay medium. The 
bottles were then rotated on a motor driven wheel for thirty 
minutes. The glass rod was then removed and rinsed in 3· ml. of 
distilled water. Two ml. of Koch-McMeekin Nessler's reagent 
were added to the solution and maximal color allowed to develop. 
The resulting color was read in a Klett photocolorimeter at 420 ~ 
wavelength. 
Enzyme activity was then calculated and expressed as~ 
NH3 liberated per 100 mg. renal deoxyribonucleic acid per minute 
incubation. Deoxyribonucleic acid was determined on an aliquot 
of the same homogenate used for enzyme assay. D.eoxyribonucleic 
acid was extracted from the homogenate by the method of Schneider 
(42) and concentration determined by utilization of the color 
reaction of Dische (9) for deoxyribose . 
Administration of Compounds 
All compounds were administered twice daily at approximately 
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9:00 a.m. and 5:00 p.m. These times were chosen for the sake of 
convenience. Ammonium chloride and sucrose were dissolved and 
enzymatic casein hydrolysate and sulfur suspended in water and 
administered to the animals by stomach tube. Hydrocortisone 
(Merck Sharp and Dohme) and desoxycorticosterone acetate (Ciba 
Pharmaceutical Products Incorporated) were suspended in 0.9 per 
cent sodium chloride solution and injected intramuscularly. 
DL-ethionine (Nutritional Biochemicals Corporation) and TIL-methionine 
(Nutritional Biochemicals Corporation) were dissolved in 0.9 per 
cent sodium chloride solution and administered by intraperitoneal 
injection. 
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RE:SULTS 
Glutaminase I Activity in Various Sections of Guinea Pig and 
Rabbit Kidney 
Guinea pig and rabbit kidney were dissected into various 
parts with the aid of a microscope.. It was possible to divide 
rabbit kidney into cortex, outer medulla and inner medulla. 
Only two distinctly defined areas could be separated in the guinea 
pig kidney, i.e. the cortex plus outer medulla and the inner 
medulla. 
As shown in Table 2, glutaminase I activity was present in 
all of the sections studied. In the rabbit, enzyme activity was 
significantly higher (P<.05) in the inner medulla than in either 
the cortex or outer medulla. Furthermore, glutaminase I activity 
was significantly lower (P<. Ol) in the outer medulla than in the 
cortex. In the guinea pig, glutaminase I activity was significantly 
greater (P<. Ol) in the inner medulla than in the cortex plus outer 
medulla. 
Since glutaminase I activity was found to be present through-
out the kidney, whole kidneys were employed in the assay of renal 
glutaminase I activity throughout the remainder of the study. 
17 
Table 2 
Distribution of Glutaminase I Activity in the Kidney of the 
Rabbit and Guinea Pig 
Glutaminase I Activity (MM NEg/gm. fresh weight/min.) 
Species No. Animals 
Whole Kidney Cortex Outer Medulla Inner Medulla 
* l. 3=1= Rabbit 6 0.6 0.8 0.4 
±o.l ±o.l ±o.l ±o.2 
Guinea Pig 12 l.l 0.8 1.4$ 
±o.2 ±o.l ±o.2 
- --- - - -----
All values are mean ± S.E.M. 
* Statistically differs from either cortex or inner medulla (P<.Ol) 
=I= Statistically differs from either cortex or outer medulla (P<.05) 
* Statistically differs from cortex plus outer medulla (P<.Ol) 
1-' 
(X) 
The Effect of Chronic Ammonium Chloride Administration on Renal 
Glutaminase I Activity in the Guinea Pig 
Twenty ml. 1 M NH4Cl/kg. body weight was administered daily 
in two equally divided doses by stomach tube. One dose was given 
at 9:00 a.m. and the other at 5:00 p.m. Control animals received 
20 ml. H20/kg. body weight . 
As shown in Table 3 and Figure 1, administration of this dose 
of ammonium chlorid.e for two days caused renal glutaminase I 
activity to increase approximately 60 per cent above zero day 
control values. A longer period of administration produced only 
a slightly higher level of enzyme activity. By the fourth day, 
enzyme activity was approximately 80 per cent above zero day 
control levels. Glutamina.se I activity remained at this level 
during the last four days of treatment. Administration of water 
produced no significant rise in renal glutaminase I activity. 
"Student's•• t test showed that enzyme activity in the ammonium 
ch-loride treated groups on all days studied was significantly 
e.levated when compared to the controls (P<.05). Although ammonia 
excretion was generally greater in the ammonium chloride treated 
groups than the controls, the differences were not statistically 
significant (P).05). 
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Group 
Control 
20 ml. H20 
kg. b.w. 
day 
NH4Cl 
20 mEq. NH4Cl 
kg. b.w-. 
day 
'l'able 3 
Effect of Chronic Ammonium Chloride Administration on Renal Glutaminase I 
Activity and Ammonia Excretion 
Glutaminase I Activity Ammonia Excretion 
No. 
(~ NH3/100 mg. DNA/min.) (J..IM NH3/min. ) 
Animal!?" Day I 0 2 3 4 6 7 8 ;r>ay I 0 2 3 4 6 Group 
4* 34±4 33±5 38±2 0.7 0.7 
±o.2 ±o.l 
4 55±3* 62±2:j: 64±4* 60±10* 1.1 1.0 1.4 
±o.3 ±o.3 ±o.3 
-
--- -- ----
All values are Mean ± S.E.M. 
* Five animals in zero day control group 
t Differ statistically from zero day controls (P<.05) 
7 
0.5 
±o.l 
8 
1.7 
±o.4 
1:\:1 
0 
Renal Glutaminase I Activity a Ammonia Excretion 
70~----------------------------------------------------------------~ 7 
eo 
NH4CI 20mEq/Kg/day e 
!50 !5 
401 / I 4 (!) 
-
---.-- ----------- -- -
-
HzO Control 
GLUTAMINASE! 30 3~ AMMONIA 
fMNHa ) OOm9DNA 
EXCRETION 
4 
MIN. 
&MNH,~ 
MIN. 
20 2 
10 1 
---------
" 
NH4CI 20mEq/Kg/day 
·--------
HzO Control G> 
0 0 
2 3 4 !I 6 7 e 
Days 
Fig. 1--Effect of chronic ammonium chloride administration on renal Glutaminase I 
activity and ammonia excretion 
(\;) 
f-' 
As can be seen. in Table 4, kidney weights and renal deoxy-
ribosenucleic acid concentration was essentially the same in 
control and ammonium chloride treated groups. Since the values 
for indiyidual days did not significantly differ, they were 
reported as pooled data . 
. An attempt was made to study the relation between administered 
dose of ammonium chloride and response in renal glutaminase I 
activity. Preliminary experiments had shown that a dose of 5 mEq. 
NH4Cl/kg. body weight/day produced no rise in enzyme activity, 
while amounts over 20 mEq. NH4Cl/kg. body weight/day caused 
hemorrhagic pulmonary edema. Thus, dose-effect data could be 
obtained only within a rather limited range. These values are 
shown in Table 5 and Figure 2. Enzyme activity was significantly 
elevated (P<.05) after two days in animals receiving either dose. 
However, after four days, enzyme activity in animals on the lower 
dose did not significantly differ from that of zero day control 
animals. Renal glutaminase I activity remained essentially 
unchanged by administration of water. ~onia excretion values 
followed those for enzyme activity in a rather general manner. 
Effect of Chronic Administration of Ammonium Chloride or Sulfur 
on Hepatic and Renal Glutaminase I Activity 
Guinea pigs were given 20 mEq. NH4Cl/kg. body weight/day by 
22 
rr:able 4 
Total Kidney Weight and Renal Deoxyribosenucleic .Acid Concentration of Pooled 
Control (0-7 Days) and . .Ammonium Chloride Treated. (2-8 Days) Animals 
Renal DNA 
Group_ No. Total Kidney Weight Concentration 
Animals (Per cent final body weight) (mg./gm. fresh weight) 
Control 
20 ml. H20 13 0. 84±<L02 5.5±o.4 
kg. b.w. 
day 
NH4Cl 
20 mEq. NH4C l 16 0.82±o.02 5.8±o.3 
kg. b.w. 
day 
All values are Mean ± S.E.M. 
tv 
w 
Group 
Control 
NH4Cl 
NH4Cl 
Table 5 
Dose-Effect Relation Between Ammonium Chloride Administered 
and Renal Glutaminase I Activity 
Glutaminase I Activity 
nose (J.lM NH3/100 mg. DNA/min . ) 
Day I 0 2 3 4 
20 ml. H2o 22±2 19±2 
kg. b.w. (8) (7) 
day 
10 mEq. NH4C l 32+3* 29±4 
kg. b.w. (8) (8) 
day 
20 mEq. NH4Cl 32±2* 34±l=F 
kg. b.w. (6) (7) 
day 
All values are Mean ± S.E.M. 
( ) No. animal-s 
Ammonia Excretion 
(,uM/min.) 
Day 1 o 2 3 
0.5±o.l 0 . 6±o.l 
(8) (6) 
0.8±o.2 
(8) 
o.s±o.l 
(5) 
--- ---
=F Statistically differ from zero day control group (P<.05) 
4 
o.s±o.2 
(7) 
0.9±o.l 
(7) 
tiJ 
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stomach tube in two equally divided doses for four days. Follow-
ing this treatment, the animals were killed and the livers and 
kidneys were assayed for glutaminase I activity. Since optimal 
conditions for the assay of glutaminase I in guinea pig liver had 
not been published, it was necessary to define these conditions 
before proceeding to assay for hepatic enzyme activity. This was 
done by separate variation of each of the conditions described 
above for the assay of renal glutaminase I in the guinea pig. The 
effect of phosphate concentration, glutamine concentration, pH 
of medium and time of incubation were studied (Figures 3-6). 
Optimal glutamine and phosphate concentrations appear to be 0.01-
0.02 molar and 0.05 molar respectively. The optimum pH is between 
7.0 and 7.5. These conditions are similar to those described 
above as optimal for the assay of the renal enzyme . The reaction 
appears to follow zero order kinetics over the first thirty 
minutes of incubation. 
Thus, the following incubation mixture was employed in the 
assay of glutaminase I activity in guinea pig liver: 
Liver Homogenate, 5 per cent, 0.2 ml. (final cone. 1.0 per cent) 
L-glutamine, 0.15 M, 0 .1 ml. (final cone. 0. 015 M) 
Tris Buffer pH 7.4, 0.05 M, 0.5 ml. (final cone. 0 . 025 M) 
NaCl, 0.9 per cent, 0.1-0.2 ml . (final cone. 0.09 or 0.18 per cent) 
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Na2HP04-NaH2P04, pH 7.4, 0.5 M, none or 0.1 ml. (final cone. 0.00 
or 0.05 M) 
The mixture was incubated for 20 minutes under air in 25 ml. 
penicillin bottles and glutaminase I activity measured in a manner 
similar to that described for the renal enzyme (vide supra). 
As shown in Table 9, treatment of animals for four days with 
ammonitnn chloride produced a significant rise in renal glutaminase 
I activity. However, enzyme activity in the liver was not elevated, 
in fact it showed a tendency to be lowered. Thus, contrary to the 
effect on the renal enzyme, chronic administration of ammonitnn 
chloride did not increase hepatic glutaminase I activity. 
A similar experiment was performed with another urinary acidi-
fying agent, sulfur (Colloidal Sulfur, Fisher). As shown in 
Table 7, intraperitoneal injection of 10 mEq. sulfur/kg. body weight 
was observed to cause a significant rise in the urinary excretion 
of sulfate, ammonia and hydrogen ions within two to six hours after 
administration. The relation of sulfate excretion to urinary acidity 
has been reported previously (1,30,43). The effect of chronic adminis-
tration of sulfur on renal and hepatic glutaminas.e I activity was then 
studied and is shown in Table 8. 
The guinea pigs were given 20 mEq. sulfur/kg. body weight/day 
in two equally divided doses by stomach tube for four days. Renal 
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Table 6 
Effect of Chronic (4 Days) Ammonium Chloride Administration on Renal 
and Hepatic Glutaminase I Activity 
Assay No. Control NH4Cl 
Animals/Group (20 mEq. NH4Cl/kg. b.w./day) 
Hepatic Glutaminase I 4 98±16 71±4 
(fJM NH3/100 mg . DNA/min.) 
Renal Glutaminase I 4 21±2 34±2* 
(fJM NH3/100 mg. DNA/min.) 
Ammonia Excretion 4 0.83±o.ll 1.12±o.l5 
(fJM NHs/min. ) 
- - ·----
All values are Mean ± S.E.M. 
:j: Statistically differ from control group (P<.OOl) 
w 
~ 
Table 7 
Effect of Sulfur Administration on Renal Excretion of Sulfate, .Ammonia and Hydrogen Ions 
Time Treatment Urine pH Sulfate Excretion Ammonia Excretion 
(min.) (.uM/min.) (f..IM/min . ) 
0-3 10 ml. H20/kg. b.w. 
by stomach tube and - - -
5% sucrose i.p.(lO ml./kg. b .w.) 
3-123 - 7.8±o.2 0.7±o.l o.ol±o.oo 
123-126 10 mEq. sulfur/kg. b.w. 
i.p. in 7.4±0.4 o.s±o.2 0.02±o.Ol 
5% sucrose (10 ml./kg. b.w.) 
126-366 - 6.2±o.2 1.2±o.2 0.04±o.OO 
All values are Mean ± S.E.M. of four animals 
w 
w 
Table 8 
Effect of Chronic (4 Days) Sulfur Administration on Renal 
and Hepatic Glutaminase I Activity 
Assay No. C.ontrol Sulfur 
Animals/Group (20 mEq./kg. b.w./day) 
Hepatic Glutaminase I 
.Activity 4 99±9 62+11+ 
(J.IM NH:/100 mg. DNA/min. ) 
Renal Glutaminase I 
Activity 4 18±1 32±5* 
(J.IM NH3/l00 mg. DNA/min. ) 
Ammonia Excretion 4 0.79±o.l5 0.90±o.ll 
(J.IM NH3/min . ) 
All values are Mean ± S.E.M. 
=1: Significantly different from control group (P<.05) 
t..l 
~ 
glutaminase I activity was significantly increased in treated 
animals when compared with the non-treated controls. On the other 
hand, hepatic enzyme activity was significantly decreased. Ammonia 
excretion was not significantly altered by the sulfur treatment. 
Effect of Adrenal' Steroids on Renal Glutaminase I Activity in 
Normal and Ammonium Chloride Treated Animals 
Adrenal insufficiency in man and other animals has been 
shown to be accompanied by a deficiency in ammonia excretion (51). 
Since glutaminase I has been implicated in the production of 
urinary ammonia (38), the effect of desoxycorticosterone acetate 
(DOCA) and hydrocortisone on renal glutaminase I activity was 
studied in untreated guinea pigs. Furthermore, since DOCA adminis-
tration is known to increase ammonia excretion in acidotic, adrenal-
ectomized rats (51), the effect of DOCA on the renal glutaminase I 
response was studied in guinea pigs which were being chronically 
treated with ammonium chloride. The animals were divided into five 
groups. Two groups received 40 mg./kg. body weight/day of either 
DOCA or hydrocortisone. The drugs were administered by the intra-
muscular route in the form of an isotonic saline suspension (2 ml./ 
kg. body weight/day) twice daily in equally divided doses. The 
control group received either no treatment or 2 ml. isotonic saline/ 
kg. body weight/day by the intramuscular route. Since renal 
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glutaminase I activity was not significantly different in non-
treated and saline treated animals, enzyme activity values of 
both groups were pooled and reported in Table 9 as "control." 
Two other groups received either 20 mEq. NH4Cl/kg. body weight/ 
day plus 2 ml. isotonic saline/kg. body weight/day i.m. or 20 mEq. 
NH4Cl/kg. body weight/day plus 40 mg. DOCA/kg. body weight/day 
i.m. All animals were treated for two days. 
As can be seen in Table 9, neither ·nocA nor hydrocortisone 
had any significant effect on basal renal glutaminase I activity. 
Furthermore, the simultaneous administration of DOCA and ammonium 
chloride produced a response in glutaminase I activity that was 
not significantly different than that produced by the administration 
of ammonium chloride alone. Ammonia excretion was not significantly 
different from controls in any of the treated animals. 
Effect of Protein Intake on Renal Glutaminase I Activity 
Administration of protein has previously been shown to increase 
ammonia excretion without significantly altering the acid-base 
balance of the animal (11,24,32). It was therefore of interest to 
study the effect of protein on renal glutaminase I activity. 
Animals were divided into five groups. Two groups received 
either 2.5 or 5 gm. casein hydrolysate/animal/day by stomach tube 
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Group 
Control 
Hydro-
cortisone 
DOCA 
NH4Cl 
NH4Cl 
+ 
DOCA 
Table 9 
Effect of Adrenal Steroids on Renal Glutaminase I Activity in Saline 
and Ammonium Chloride Treated Animals 
Dose No. Glutaminase I Activity Ammonia Excretion 
Animals (J.!M NH3/100 mg. DNA/min. ) (J-IM. NH3/min . ) 
6 26±2 0.33±o.l3 
40 mg./kg. b.w./dayx2 4 30±3 0.38±o.l6 
(I.M.) 
40 mg./kg. b.w./dayx2 4 28±3 l. 06±o.28 
(I.M.) 
20 mEq./kg. b.w./dayx2 4 40±4* 0.46±o.22 
(Oral) 
20 mEq./kg. b.w./dayx2 (Oral) 
37±4+ + 3 0.43±o.l2 
40 mg./kg. b.w./dayx2 
(I .M.) 
-
All values are Mean ± S.E.M. 
* Statistically differ from control group (P<.05) 
w 
-..J 
in the form of an aqueous suspension (10 ml. H20/animal). Two 
other groups received calorically equivalent amounts of sucrose 
(2.5 or 5 gm./animal/day) in a similar manner. The fifth group 
received 10 ml. H20/animal/day by stomach tube. Casein hydroly-
sate, sucrose and water were administered twice daily in equally 
divided doses for two days. 
As shown in Table 10, administration of either 2.5 or 5 gm. 
casein hydrolysate/day produced a significant rise in renal 
glutaminase I activity within two days. Since administration of 
an equivalent caloric amount of sucrose did not cause a rise in 
enzyme activity, the effect of the protein is probably not due to 
a general metabolic stimulation. Ammonia excretion was essentially 
the same in all groups. 
If one plots total protein intake (dietary plus administered 
casein hydrolysate), the relationship shown in Figure 7 is observed 
between protein intake and renal glutaminase I activity. Dietary 
protein intake was calculated by multiplying the fraction of protein 
in the diet by the amount of food the animals consumed daily. 
Effect of DL-Ethionine and DL-Methionine on Renal Glutaminase I 
Response to Chronic Ammonium Chloride Administration 
Administration of ethionine (a methionine analogue) has been 
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Table 10 
Effect of Protein Intake on Renal Glutaminase I Activity 
Group No. Daily Intake Daily Protein Glutaminas~ I Activity 
Animals of Chow Pellets Intake (JJM NH3/100 mg. DNA/min. ) (gm.) (gm.) 
Controls 11 28±3 6.7 27±2 
Sucrose 4 32±2 7.7 29±1 
(2.5 gm./animal/day)x2 
Sucrose 4 22±o 5.3 24±1 
(5 gm./animal/day)x2 
Cas~in Hyd. 4 28±2. 9.2 39±2=1= 
(2.5 gm./animal/day)x2 
Casein Hyd. 4 20±2 9.8 41±5=1= 
(5 gm./animal/day)x2 
All values are Mean ± S.E.M. 
:j: Statistically differ from controls (P<.05) 
w 
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shown to inhibit the induction of tryptophane peroxidase (29), 
threonine dehydrase (41), demethylase and reductase (5) and 
benzpyrene hydroxylase (6) in the rat liver and xanthine oxidase 
(8) in the liver of the mouse. :Simpson et al. (46) have shown 
that injection of ethionine into rats inhibits the incorporation 
of radioactive methionine into protein. The inhibition could be 
prevented by the simultaneous administration of an equimolar 
quantity of methionine with the ethionine. In addition, Levine 
and Tarver (31) have demonstrated that radioactive ethionine 
itself is incorporated into rat protein. Since inhibition of 
enzyme induction by this agent is presumably due to the pre-
vention of enzyme synthesis (5), the effect of ethionine on the 
renal glutaminase I response to chronic ammonium chloride adminis-
tration was studied in the guinea pig. 
Intraperitoneal injection of 3 mM DL-ethionine/kg. body 
weight/day in three equally divided doses for three days caused 
a gross, pale discoloration of the liver which is consistent with 
the report by Sweet (48) of DL-ethionine induced fatty degenera-
tion of the liver in the guinea pig. However, injection of 2 mM 
DL-ethionine/kg. body weight/day in two equally divided doses 
for two days produced no alteration in the gross_appearance of 
either the liver or kidney. Sweet (48) found no renal lesions 
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in histological examination of guinea pigs receiving a similar 
dose of DL-ethionine. 
Intraperitoneal injection of 2 mM DL-ethionine/kg. body 
weight/day in two equally divided doses for two "days produced 
no significant change in renal glutaminase I activity or ammonia 
excretion (Table 11). Control animals received 20 ml. 0.9 per 
cent NaCl/kg. body weight/day in two equally divided doses--the 
same amount used as a vehicle for ethionine administration. It 
should be pointed out that the control values for renal glutaminase 
I activity observed in this experiment were higher than those in 
most previous experiments (vide supra). The cause of this varia-
tion is unknown. However, examination of the data obtained from 
eighty-four control guinea pigs did show that renal glutaminase I 
activity was approximately sixty-five per cent higher in animals 
assayed during the fall and winter than those assayed in the spring 
and summer. 
As shown in Table 12, intraperitoneal injection of 2 mM Dl-
ethionine/kg. body weight/day was able to completely inhibit the 
rise in renal glutaminase I activity following chronic (two days) 
ammonium chloride administration. Urinary acidity of animals 
receiving ethionine or ethionine plus ammonium chloride was 
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Table 11 
Effect of Chronic (2 Days) Administration of DL-Ethionine on Renal Glutaminase I 
Activity and Ammonia Excretion 
Group No. Glutaminase I Activity Ammonia Excretion 
Animals/Group (~ NH3/100 mg. DNA/min.) (jlM/min.) 
0.9% 
Saline 4 39±2 0.57±o.l6 
20 ml./kg. b.w./dayx2 
(I.P.) 
DL-Ethionine 
2 mM/kg. b.w./dayx2 4 41±2 o. 78±o.ll 
(I.P.) 
All values are Mean ± S.E.M. 
~ 
w 
Table 12 
Effect of Injection of DL-Ethionine and DL-Ethionine Plus DL-Methionine on the Response of 
Renal Glutaminase I Activity to Chronic (2 Days) Ammonium Chloride Administration 
Group No. Glutaminase I Activity Ammonia Excretion 
Animals/Group (MM NH3/100 mg. DNA/min.) (pM/min.) 
0.9% 
Saline 19 35±1 0.62±o.06 
20 ml./kg. b.w./dayx2 (I.P.) 
NH4Cl 
20 mEq./kg. b.w./dayx2 
+ 10 51±2* 0.77±o.08 
0.9% Saline 
20 ml./kg. b.w./dayx2 
(I.P.) 
NH4Cl 
20 mEq./kg. b.w./dayx2 
18 35±1 0.46±o.07 + 
DL-Ethionine 
2 mM/kg. b.w./dayx2 
(I.P.) 
NH4Cl 
20 mEq./kg. b.w./dayx2 
+ 
DL-Ethionine 
2 mM/kg. b.w./daYx2 
52+4* * (I.P.) 6 1.02±o.06 
+ 
DL-Methionine 
2 mM/kg. b.w./dayx2 (I.P.) 
--- - -- -- ----
All values are Mean ± S.E.M. 
* Statistically differ from saline group (P<.OOl) 
~ 
~ 
slightly greater than that of animals receiving ammonium 
chloride alone. The average urinary pH of the three groups 
was 6.3, 5.8, and 6.6 respectively. Administration of TIL-
methionine (2 mM/kg. body weight/day i.p.) completely prevented 
the inhibition by UL-ethionine of the renal glutaminase I response 
to chronic ammonium chloride administration. These observations 
suggest that increased glutaminase I activity after chronic 
ammonium chloride administration to guinea pigs is due to the 
synthesis of new enzyme. .Ammonia excretion was not signifi-
cantly altered in any of the experiments. 
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DISCUSSION 
Time Studies 
It was observed that renal glutaminase I activity was signifi-
cantly elevated in the guinea pig following two days of ammonium 
chloride treatment, and that maximal enzyme activity occurred by 
the fourth day of treatm~nt. Thus, the induction period of this 
enzyme is between that of enzymes which are induced within a 
period of hours (2,5,6,25) and those which require more than a 
week for induction (8). 
In the rat, renal glutaminase I activity was found to be 
elevated following two days of ammonium chloride administration, 
and maximal values were observed after four to six days of treat-
ment (38). Therefore, the response of renal glutaminase activity 
to chronic ammonium chloride administration in the rat appears to 
be qualitatively similar to that in the guinea pig. However, 
there are marked quantitative differences. In the rat (38), chronic 
administration of approximately 20 mEq. NH4Cl/kg. body weight/day 
for two days increased renal glutaminase I activity two hundred 
per cent above control values. This same dose given to the guinea 
pig produced only a sixty per cent increase in enzyme activity. 
After four days of treatment the increase was five hundred per 
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cent above control values in the rat and eighty per cent in the 
guinea pig. Thus, the guinea pig, when compared to the rat, 
appears to have a limited capacity to respond to a chronic acid 
load. This fact is interesting in light of the work of Eppinger 
(10,11). He showed that the rabbit was much more susceptible to 
intoxication by chronic acid administration than the dog. He 
attributed the difference to the fact that herbivores have a 
limited capacity to increase renal ammonia excretion (and there-
fore hydrogen ion excretion) in response to a chronic acid load . 
The explanation for the difference in capacity between herbivores 
and carnivores (or omnivores) to respond to a chronic load is not 
known . However, $ppinger seemed to think that the difference lies 
in dietary factors. For, if herbivores were placed on an animal 
protein diet, their tolerance to acid intoxication was increased 
(11). However, no studies wer~ done with plant proteins. There-
fore, there is no reason to believe that animal protein affords 
greater protection than plant protein. Furthermore, administra-
tion of glycine alone increased tolerance to acid intoxication in 
herbivores (11). Thus, amino acids rather than animal protein 
appear to be the protecting factors. 
Dose-Effect Studies 
As pointed out above, dose-effect studies in our system 
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proved to be extremely difficult. This was mainly due to two 
factors. First, the increment in enzyme activity produced by 
even the highest tolerated dose of ammonium chloride was small--
60 per cent above control values. Furthermore, the range in which 
dose-effect could be studied was rather narrow (10-20 mEq./kg. 
body weight/day). Therefore, the effect on renal glutaminase I 
activity of a variation in the dose of ammonium chloride adminis-
tered was not as clear as had been previously shown in the rat. 
Rector et al. (38) observed that the increase in renal glutaminase 
I activity in the rat closely corresponded to the amount of 
ammonium chloride administered. In a dose range of 0-15 mEq. 
NH4Cl/kg. body weight/day, enzyme activity increased approximately 
one hundred per cent for every increase of 5 mEq. NH4Cl administered. 
Specificity of the Renal Glutaminase I Response 
Dietrich (8) found that chronic administration of xanthine 
to mice produced a rise in hepatic xanthine oxidase activity, but 
not in renal xanthine oxidase activity. In the present study with 
glutaminase I, the reverse situation was observed. While chronic 
administration of ammonium chloride produced an increase in renal 
glutaminase I activity, the enzyme activity in the liver was not 
elevated. Similarly, chronic administration of sulfur increased 
glutaminase I activity in the kidney but not in the liver. Thus, 
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it appears that the response of glutaminase I to chronic adminis-
tration of urinary acidifying agents is specific for the kidney. 
Adrenal Steroid Studies 
It was observed in the present study that administration of 
either desoxycorticosterone acetate (DOCA) or hydrocortisone (40 
mg./kg. body weight/day i.m. of each) had no effect on basal renal 
glutaminase I activity, and that administration of the same dose 
of ~A along with ammonium chloride produced an increase in enzyme 
activity that was no different than that produced by the adminis-
tration of ammonium chloride alone. These observations are in 
agreement with the results reported by others (23,51,53). Yammamoto 
and Chow (53) found the subcutaneous injection of cortisone (12 mg./ 
kg. body weight/day) for fourteen days had no effect on renal 
glutaminase activity in the rat. Iacobellis et al. (23) observed 
no significant change in renal glutaminase activity when TIOCA (8 mg./ 
kg. body weight/day s.c.) was given to rats for fourteen days. 
Furthermore, Wilson and Seldin (51) showed that adrenalectomy in 
rats had no effect on the capacity of the kidney to respond to a 
chronic acid load with respect to the elevation of glutaminase I 
activity. These results indicate that the adrenal gland does not 
play a major role in the increase of renal glutaminase I activity 
after chronic ammonium chloride administration. They also suggest 
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that the deficiency in ammonia excretion which accompanies adrenal 
insufficiency is not the result of an impaired ability of the 
kidney to produce ammonia. Wilson and Seldin propose that the 
defect lies in the secretion rather than the production of ammonia 
(51). 
Protein Studies 
It has been shown that enzymes may be induced by chemical 
compounds which are not substrates of the enzyme (5,25). The 
administration of DL-phenylalanine, L-tyrosine, sodium gentisate 
and L-histidine was shown in rats to cause a significant increase 
in tryptophane peroxidase activity (25). It is also known that 
the hepatic demethylase activity of weanling rats is greatly 
increased by injection of 3-methylcholanthrene, 3,4-benzpyrene 
and 1,2,5,6-dibenzanthracene (5). None of these compounds are 
substrates of the enzyme. 
Chronic administration of ammonium chroride will greatly 
enhance renal glutaminase I activity. This does not appear to 
be an example of substrate induced enzyme synthesis, but rather 
a non-specific effect of acidifying agents such as ammonium 
chloride. Therefore, other agents might be expected to produce 
a similar effect. Since the administration of protein has been 
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shown to cause both an acute (24,32) and sustained (10) increase 
in renal ammonia excretion, enzymatic casein hydrolysate was 
employed as a test mixture. The increase in renal glutaminase I 
activity after chronic administration of this mixture is evidence 
in favor of the hypothesis that the increased ammonia excretion 
is the result of increased ammonia production. The mechanism 
whereby ammonia excretion and renal glutaminase I activity are 
increased by the administration of protein is not clear. However, 
it is known that chronic administration of protein will cause an 
increased activity of other amino acid metabolizing enzymes (45) . 
Inhibition of the Renal Glutaminase I Response by DL-Ethionine 
The increase in enzyme activity which occurs following the 
administration of a chemical compound may be due to either activa-
tion of pre-existing, non-active enzyme or synthesis of new enzyme . 
The amino acid antagonist DL-ethionine has been employed in 
differentiating between these two phenomena. Ethionine inhibits 
normal protein synthesis by both preventing the incorporation of 
methionine into protein (46) and by being itself incorporated into 
the protein molecule (31). The former effect is greater in the 
liver than the kidney, but the opposite is true for the latter 
(31,46). 
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In every system studied, DL-ethionine inhibited the increase 
in enzyme activity which usually followed the administration of 
the inducer. When injected into whole animals, it was found to 
inhibit the increase in hepatic tryptophane peroxidase activity 
in the rat (29), hepatic xanthine oxidase activity in the mouse 
(8) , and hepatic demethylase, reducta.se and benzpyrene hydroxylase 
activities in weanling rats (5,6). Furthermore, administration 
of DL-ethionine has been shown to inhibit enzyme induction in 
perfused organs (37,41). In each case, injection of DL-methionine 
could completely antagonize the .effect of DL-ethionine. These 
results were cited by the authors as evidence for the theory that 
the increased enzyme activity was the result of the synthesis of 
new enzyme. 
In the present study, it was found that intraperitoneal 
injection of DL-ethionine completely inhibited the rise in renal 
glutaminase I activity produced by the chronic administration of 
ammonium chloride. Furthermore, injection of ·nL-methionine fully 
antagonized the effect of DL-ethionine. These results are consis-
tent with the hypothesis that the increase in renal glutaminase I 
activity following chronic ammonium chloride administration is due 
to the formation of new enzyme. However, it is possible that the 
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DL-ethionine has an effect on some system which regulates 
glutaminase I activity. For example, the synthesis of a renal 
glutaminase I activator may be inhibited. To rule out this 
and other possibilities, it will be necessary to demonstrate 
that new enzyme is act:ually being synthesized. However, this 
study would require isolation of the pure enzyme, and will there-
fore have to await the development of methods for the purification 
of renal glutaminase I. 
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SUMMARY AND CONCLVSIONS 
l. Intragastric administration of 20 mEq. NH4Cl/kg. body 
weight/day to guinea pigs increased renal glutaminase I activity 
sixty and eighty per cent above control values two and four days 
respectively. Administration of 10 mEq. NH4Cl/kg. body weight/ 
day raised renal glutaminase I activity sixty per cent above 
control values, but there was no further rise after the second 
day. 
2. Intragastric administration of 20 mEq. sulfur/kg. body 
weight/day for four days increased renal glutaminase I activity 
eighty per cent above control values. 
3. Hepatic glutaminase I activity did not increase in 
response to intragastric administration of 20 mEq . NH4Cl or 
sulfur/kg. body weight/day for four days. 
4. Neither desoxycorticosterone acetate nor hydrocortisone 
(40 mg . /kg . body weight/day i.m. of each for two days) had any 
effect on renal glutaminase I activity. Furthermore, desoxy-
corticosterone acetate administered simultaneously with NH4Cl did 
not produce a rise in renal glutaminase I activity differing from 
NH4Cl administered alone. 
5. Casein. hydrolysate (2.5 gm./day or 5 gm . /day), orally, 
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for two days increased renal glutaminase I activity fifty per 
cent above control values. 
6. The rise in renal glutaminase I activity produced by 
intragastric administration of 20 mEq. NH4Cl/kg. body weight/day 
for two days was completely inhibited by the simultaneous adminis-
tration of DL-ethionine (2 mM/kg. body weight/day i.p.). Adminis-
tration of DL-methionine along with TIL-ethionine (2 mM/kg. body 
weight/day i.p. of each) and. 20 mEq. NH4Cl/kg. body weight/day 
resulted in an increase in renal glutaminase I activity that was 
no different than that produced by NH
4
Cl alone. 
The results obtained in the experiments with DL-ethionine 
and DL-methionine suggest that the increased renal glutaminase I 
activity following chronic NH4Cl administration. is the result of 
increased enzyme synthesis.. However, conclusive proof of increased 
enzyme synthesis will have to await the development of methods for 
the purification of renal glutaminase I. 
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ABSTRACT 
An attempt was made to answer the question of whether the 
increase in renal glutaminase I ( GIA) activity following chronic 
administration of ammonium chloride is the resul.t of enzyme induc-
tion. The effect of chronic ammonium chloride administration on 
cellular GIA activity was studied in the kidney and liver. Renal 
GIA activity was also measured after chronic administration of 
adrenal steroids and protein. Fina.l.ly, by the use of Dir-ethionine, 
an attempt was made to show that the increased enzyme activity is 
due to the synthesis of new enzyme. 
Intragastric administration of 20 mEq. NH4 Cl/kg. body weight/ 
day to guinea pigs increased renal GIA activity sixty and eighty 
per cent above control values within two and four days respectively. 
Administration of 10 mEq. NH4Cl/kg. body weight/day raised renal 
GIA sixty per cent above control values, but there was no further 
rise after the second d~. Intragastric administration of 20 mEq. 
sul.fur/kg. body weight/d~ for four days increased renal glutaminase 
I activity eighty per cent above control values. 
In contrast to the above resul.ts, hepatic GIA did not increase 
in response to intragastric administration of 20 mEq. NH4 Cl/kg. 
body weight/ d~ or 20 mEq. sul.fur/kg. body weight/ day for four 
days. Neither desoJcy"Corticosterone acetate (DOCA) nor hydrocorti-
sone (40 mg./kg. body weight/d~ i.m. of each for two days) had 
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any effect on renal GIA. Furthermore, DOCA administered simul-
taneously with NH4cl did not produce a rise in renal GIA activity 
differing from _NH4Cl administered alone. Casein hydrolysate 
( 2. 5 F!Jll.l day or 5 F!Jll.l day) , orally, for two days increased renal 
GIA fifty per cent above control values. Thus, the rise in GIA 
appears to be specific for the kidney, uninfluenced by adrenal 
hormones but is affected by protein intake. 
The rise :in renal GIA produced by intragastric administration 
of 20 mEq. NH4 Cl/kg. body weight/ day for two days can be completely 
inhibited by the simultaneous administration of DI,-ethion:ine 
(2 mM/kg. body weight/day i.p.). Injection of this dose of DL-
ethion:ine alone did not significantly effect basal renal GIA or 
ammonia excretion. Administration of DL-methion:ine along with 
DL-ethionine (2 mM/kg. body weight/day i.P. of each) and 20 mEq. 
NH4 Cl/kg. body weight/ day produced an :increase :in renal GIA that 
was no different than that produced by NH4Cl alone. These results 
suggest that :increased renal GIA following chronic administration 
of NH4Cl is the result of :increased enz.y.me synthesis. However, 
conclusive proof of increased enz.y.me synthesis will have to await the 
development of methods for the purification of renal glutaminase I. 
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